1 We have identified a Ca2'-mobilizing receptor that responds to extracellular ATP (0.1-1000 JAM) in a salivary epithelial cell line (ST885). The activated receptor also stimulates Ca2+ entry from the extracellular fluid. 2 The receptor shows an agonist selectivity profile consistent with the behaviour of the nucleotide receptor class. In particular, the pyrimidine nucleotide, UTP, was equipotent with ATP. 3 Analysis of concentration-response data for the ATP and UTP-activated receptor using the Hill equation yielded EC50 values (concentrations of agonist inducing a half-maximal response) for ATP of 4.2 JAM and for UTP of 4.6 JM. 4 ATP and UTP induced cross-desensitization and were not additive when administered simultaneously at maximal concentration. These findings are consistent with the hypothesis that both nucleotides act upon a common receptor.
Introduction
Salivary acinar and ductal epithelial cells are responsible for the controlled secretion of fluid and electrolytes and of specific proteins and growth factors (Cook & Young, 1989) . There are several well-recognised Ca2+-mobilizing receptors that stimulate the secretion of fluid and electrolytes in salivary epithelia. These include muscarinic receptors, aadrenoceptors and substance P receptors (Cook & Young, 1989) . However, it has been recently recognised that there are also Ca2+-mobilizing receptors for extracellular ATP in mouse and rat parotid acini (Gallacher, 1982; McMillian et al., 1987; 1988; Soltoff et al., 1990) and human submandibular duct cells (Yu & Turner, 1991) . To establish whether there are receptors for extracellular ATP in other salivary epithelia we have examined the effect of extracellular ATP on cells of the mouse submandibular epithelial cell line (ST885) which, by histological criteria, is of ductal origin. We find that extracellular ATP activates a Ca2"-mobilizing receptor in these cells. Characterization of the receptor according to the potency of a series of ATP analogues including adenosine, AMP, ADP, x,4-methylene-ATP (cxJ-MeATP), 2-methylthio-ATP and UTP has allowed us to identify it as a nucleotide receptor (O'Connor et al., 1991) . Nucleotide receptors respond to the purine nucleotide ATP and the pyrimidine nucleotide UTP with increases in [Ca2+] i and the generation of inositol 1,4,5-trisphosphate and prostaglandins (O'Connor et al., 1991) .
Methods
Tissue culture techniques ST885 cells (passage 19-33) were grown in culture Medium 199 (5 ml) with Earle's salts supplemented with foetal bovine serum (10%). The cells were incubated at 37°C in 95% air and 5% CO2 and grown to confluence in culture flasks prior ' Author for correspondence.
to plating onto coverslips. To dislodge the cells from the culture flasks, trypsin-EDTA was added to the flask following the removal of Medium 199. Trypsin activity was quenched 2min later by the addition of fresh culture medium. The cell suspension was then centrifuged and the pellet resuspended in fresh Medium 199. A portion of the cell suspension was transferred onto six sterile coverslips (size 0), each in a covered Petri-dish. The cells were allowed to settle for 10 min before each Petri-dish was filled with fresh Medium 199. The remaining cell suspension was used to seed two fresh culture flasks. Cells were grown on coverslips for at least 48 h and the culture medium was changed 12-18 h prior to study.
Loading cells with fura-2 AM ST885 cells were loaded with fura-2 AM (0I1pM) in culture medium for 30min at 37°C. Following the incubation, the cells were washed twice in physiological saline solution (37°C) containing (in mM): NaCl 145, KCl 5.0, H-HEPES 10, MgCl2 1.2, D-glucose 10 and CaCl2 1.0. The pH was adjusted to 7.40 at 37°C with NaOH. The fura-2 loaded cells were kept in the dark at room temperature (about 20-25'C) until required for fluorescence experiments. Fura-2 leakage and photobleaching as assessed by the time-dependent decline in the 380 nm and 340 nm fluorescence signals was typically less than 10% over the period of a 30 min perfusion experiment at 37°C. The ratio method of [Ca2+]i determination is largely independent of fura-2 concentration (Grynkiewicz et al., 1985) .
Microfluorescence experiments
Fluorescence experiments were performed in a perfusion chamber (300 flI) on the stage of a Nikon Diaphot microscope adapted for microfluorescence studies. A coverslip was affixed to the base of the perfusion chamber with high vacuum grease. A small fragment of coverslip supporting ST885 cells was positioned on the base of the chamber and a second coverslip was fixed in place with vacuum grease to the top of the chamber. The cells were continuously superfused with control or modified physiological saline solutions (370C) at 1.5 ml min ' using a peristaltic pump. The superfused cells were illuminated with a 100 W xenon lamp housed in a Nikon light source. Alternating excitation wavelengths (340 nm and 380 nm) were obtained using a computercontrolled filter wheel (Lambda-10, Sutter Instrument Co. Novato, CA, U.S.A.). A neutral density filter (D = 1) was interposed between the light source and the excitation filter as required to reduce the intensity of illumination. Control of the filter wheel was achieved using the digital output facility of a MacPacq 10 analog to digital converter (BIOPAC Systems Inc. Goleta, CA. U.S.A.) which in turn was controlled by a Macintosh computer system using AcqKnowledge 2.0 software (BIOPAC Systems Inc. Goleta, CA. U.S.A.). Ultraviolet light (340 nm or 380 nm) was reflected onto the cell preparation by a dichroic mirror (cut-off 430 nm). Light emitted by the intracellular fluorescent probe, fura-2 (peak 510 nm) was passed through the dichroic mirror then reflected by a second dichroic mirror (cut-off 550 nm) and passed through an emission filter (peak 509 nm, half peak bandwidth 10.3 nm) to a photomultiplier tube (Oriel Corp., CT, U.S.A.). The resultant current signal generated by the photomultiplier was converted to a voltage signal by a preamplifier (Oriel Corp., CT, U.S.A.) then digitized by the MacPacq 10. Digital data were displayed and stored on computer using AcqKnowledge 2.0 software. With the fluorescence emission set at 510 nm, the fura-2 excitation ratio (340/380) was calculated for each time-point and used as a measure of the corresponding [Ca2+]i (Grynkiewicz et al., 1985) .
In some experiments we used a simple calibration procedure to convert fluorescence ratio data to estimates of [Ca2+], using the equation (Grynkiewicz et al., 1985) : (Gordon, 1986) efflux (Soltoff et al., 1990) . However, ATP4-was found to be the preferred species and, in the presence of Mg2t ions, no Duration of experiment (min) effects of ATP were seen at concentrations less than 100 ,UM (Soltoff et al., 1990) . Mouse lacrimal acinar cells also require 5 Desensitization and cross-desensitization of the nucleotide high concentrations of ATP for activation (Sasaki & Galr (Yu & Turner, 1991) . The EC50 values we calextended phase ( Figure 5 ). To explore further whether culated for the ATP (4.2 MM) and UTP (4.6 MM) responses are rP-and UTP-dependent effects might arise at a comconsistent with reported data for nucleotide receptors ,eceptor, we exposed ST885 cells to ATP and UTP (O'Connor et al., 1991) . tneously at maximal concentration. Consistent with the In the absence of selective inhibitors it has not been possiiesis that ATP and UTP share a common receptor ble to establish conclusively that ATP, a purine nucleotide, vas no significant increase in the Ca2`response above and UTP, a pyrimidine nucleotide, act upon a common served in response to either ATP or UTP alone. When receptor in any of the tissues in which ATP and UTP effects sed as a percentage of the peak response to ATP have been observed. However, the similarity of the agonist 4), UTP (100tMM) induced a peak response of activity profiles across a diversity of tissues suggests that 17% (s.e.mean, n = 6) and ATP plus UTP (each both ATP and UTP act upon a common receptor (O'Connor ') induced a response of 113 ± 16% (n = 6); neither O'Connor, 1992) . Furthermore, the case for a esponses was significantly different from ATP (100 wM) common receptor is strengthened, but not proved, by the (Student's t test).
finding that the divalent cation-free forms of the two 1 .
I nucleotides i.e. ATP"-and UTP'-are preferentially recognised (Davidson et al., 1990; Lustig et al., 1992 4, 5P3) is the second messenger responsible and that the activated nucleotide receptor is linked to the hydrolysis of phosphatidyl-4,5-bisphosphate (PI-4,5P2) via a G-protein (Okajima et al., 1987; Davidson et al., 1990) . The much smaller extended component of the Ca2+ response in ST885 cells relies on extracellular Ca2+. The mechanism responsible for this effect is, at present, also uncharacterized. ATPactivated Ca2+ entry in parotid and lacrimal acinar cells that express P2z receptors appears to rely upon the direct activation of Ca2+-permeable channels (McMillian et al., 1988; Sasaki & Gallacher, 1990) . However, nucleotide receptors have been linked to effects on inositol phosphate and prostaglandin metabolism that are likely to rely on G-protein activation (O'Connor et al., 1991) . Based on these effects, it is likely that a G-protein mediates the activating effect of nucleotide receptors on Ca2+ entry.
